Hospital readmissions are common, costly, and potentially preventable. Little is known about the association between available skilled nursing facility (SNF) performance measures and the risk of hospital readmission.
increasing prevalence of bundled payments and sharedsavings programs since the passage of the Patient Protection and Affordable Care Act, [3] [4] [5] [6] hospitals have increased incentives to improve postdischarge management. One commonly discussed way to do so is through more effective use of postacute care. 7, 8 Skilled nursing facilities (SNFs) represent the most common setting for postacute care in the United States. Rates of readmission from SNFs are high. One in 4 patients discharged to a SNF is readmitted within 30 days, 9 and two-thirds of these readmissions may be preventable. 10 Because readmission rates vary across SNFs, 11 preferential discharge of postacute care patients to high-quality SNFs may be one strategy by which hospitals could decrease the likelihood of readmission among these patients. Information about SNF performance on common quality metrics is widely available through Medicare's Nursing Home Compare website. However, little is known about whether performance on these metrics is associated with differences in performance that could predict the likelihood of readmission. To address this, we examined the association between available indicators of SNF quality and hospital readmission among Medicare beneficiaries receiving postacute care at US SNFs. 
Methods

Data
Study Sample
We based our inclusion criteria on methods used to calculate risk-adjusted hospital-wide readmission rates by the Hospital Readmission Reduction Program. 12 Our starting sample included all Medicare discharges from nonfederal acute care hospitals between September 1, 2009 , and August 31, 2010, to Medicare-certified SNFs for postacute care, as indicated by an appropriate Nursing Home Minimum Data Set admission assessment within 7 days of discharge.
Because we obtained patient comorbidity data from claims filed up to 12 months before the index discharge, we excluded beneficiaries who were younger than 66 years at hospital discharge or who were enrolled in a health maintenance organization during the 12 months before the index because their claims were unavailable in our data. We also excluded patients who were enrolled in a health maintenance organization in the 30 days after hospital discharge because we could not identify readmissions among them; those who were discharged against medical advice or discharged to hospice (as recorded in the Medicare Provider Analysis and Review discharge status field); those for whom the primary reason for hospitalization was a psychiatric condition, rehabilitation, or medical cancer treatment, following Hospital Readmission Reduction Program definitions, 12 because readmissions after hospitalizations for these indications are likely to occur for different reasons than readmissions after other acute care hospitalizations; and those who received postacute care at SNFs that were excluded from Nursing Home Compare at the index discharge for 1 or more of the 5 performance measures we examined because of low case volumes or an insufficient duration of participation in the Nursing Home Compare program.
For consistency with Hospital Readmission Reduction Program methods, if a patient had more than 1 eligible discharge during the study period, all discharges meeting the above criteria were used in our regression analyses. In other words, our analysis was at the discharge level rather than the patient level. 12 However, we also conducted a supplementary patientlevel analysis that included only the first eligible discharge for each patient in our sample. The sample definition used International Classification of Diseases, Ninth Revision (ICD-9) diagnosis and procedure codes for each discharge, grouped by Agency for Healthcare Research and Quality Clinical Classification Software. 12 
Outcomes
Our primary outcome was a composite end point of unplanned readmission or death from any cause within 30 days of hospital discharge. To allow a uniform window for outcomes assessment for each discharge, we did not distinguish between patients who were directly readmitted from a SNF and those who were discharged home from one and subsequently readmitted, as long as this readmission occurred within 30 days of the index discharge. Death within 30 days was included in our primary outcome to prevent inappropriate censoring of observations 13, 14 ; however, for purposes of comparison, we conducted a secondary analysis using an end point of readmission at 30 days, rather than a combined end point of readmission or death.
We considered a readmission to be unplanned if it involved an admission to an acute care hospital that occurred within 30 days of hospital discharge and the reason for admission was not bone marrow or solid organ transplant, maintenance chemotherapy, rehabilitation, or a potentially planned procedure not performed to treat an acute condition or a complication of previous care.
Independent Variables
We obtained 5 indicators of SNF performance from Medicare's Nursing Home Compare website, using data listed there as of the date of hospital discharge. Performance indicators included 3 clinical measures for postacute care residents (the percentage of SNF residents with delirium, with new or worsening pressure ulcers, and reporting moderate to severe pain 15, 16 ), a categorical summary rating of staffing intensity that ranged from 1 to 5 stars, 17 and a categorical summary rating based on health deficiencies identified through site inspections that also ranged from 1 to 5 stars. 17 Information on other SNF facility characteristics came from the Online Survey, Certification, and Reporting survey closest in time to hospital discharge. Facility characteristics included nursing home size (50 beds or fewer; 51-100 beds; 101-150 beds; or 151 beds or more), [18] [19] [20] 
Statistical Analyses
We used χ 2 tests and the Wilcoxon rank-sum test to assess differences in the baseline characteristics of patients according to outcomes at 30 days. We used linear probability models to test the association between SNF factors and risk of readmission or death within 30 days of discharge. Models evaluated the association between risk of readmission or death and the 5 SNF performance measures, SNF facility characteristics, and the combination of available SNF performance measures and facility characteristics. All regression models adjusted for age, sex, and race; the indication for the index hospitalization; and all 204 risk factor and admission diagnosis variables. Because observed differences in rates of readmission or death across SNFs could reflect differences in quality of the discharging hospital, our regression models included hospital fixed effects to account for time-invariant hospital characteristics. In other words, each regression was a "within-hospital" analysis that compared outcomes among patients who were discharged from the same hospital to different SNFs. We handled missing data via listwise deletion (ie, omitting from each model all observations with missing data on a variable included in that model); of our sample of 1 530 824 discharges, 4 (<0.001%) were omitted because of missing data on race. Models used robust standard errors that adjusted for clustering of observations within SNFs. We used these regressions to generate predicted risks for readmission or death within 30 days of hospital discharge for patients treated at SNFs that differed across available performance measures and facility characteristics, holding all other factors (including other quality and facility characteristics) at their means. For categorical variables (eg, staffing and survey ratings, chain status, location in a hospital, size, ownership), we compared the adjusted risk of readmission or death across categories; for continuous variables (eg, percentages of patients with delirium, pain, and pressure ulcers; occupancy; percentage receiving Medicare and Medicaid), we used the regression coefficient to calculate predicted risk values for a discharge to a hypothetical SNF at the 25th percentile to a discharge to a hypothetical SNF at the 75th percentile. We gen- erated 99% CIs based on the distribution of predicted risks across 500 block-bootstrapped samples that used the individual SNF as the sampling unit to account for potential clustering of observations within SNFs. Because of our large sample size, we used a P value of .01 as our threshold for statistical significance; all hypothesis tests were 2-sided. Analyses used Stata version 13.1.
Results
Our sample included 1 530 824 discharges from 3537 hospitals to 14 251 SNFs. The median hospital in our sample discharged patients to 21 SNFs (interquartile range [IQR], 9-40); the median SNF received patients from 7 hospitals (IQR, 4-10). Our sample included 1 150 063 unique patients, with 271 892 (23.6%) having more than 1 hospital discharge to a SNF during the period. Compared with other discharges to SNFs in our sample, discharges that led to a readmission or death more often occurred among patients who were older and more likely to be male or black ( Table 2) . They were also more likely to occur among patients who were hospitalized for a general medical condition, a pulmonary condition or congestive heart failure, or a cardiac or vascular condition; were less likely to have been hospitalized for a neurologic condition or a surgical or gynecologic condition; and were more likely to have common comorbidities such as coronary artery disease, diabetes, and chronic obstructive pulmonary disease.
In unadjusted analyses ( Table 4 presents our regression results for our primary outcome. In addition to the fully adjusted model (model 3), models with differing degrees of adjustment for SNF performance measures and facility factors are shown for comparison. In our fully adjusted model, which controlled for patient factors, SNF facility factors, and the discharging hospital, SNFs with the best inspection ratings (9.8% of all SNFs) had a slightly lower risk of 30-day readmission or death compared with discharges to the 20.1% of SNFs that were in the lowest category of inspection rating (23.0%; 99% CI, 23.0%-23.1% vs 23.7%; 99% CI, 23.7%-23.7%). Discharges to SNFs with lower rates of new or worsened pressure were associated with a marginally lower adjusted risk of 30-day readmission or death compared to SNFs with worse performance on this measure (25th vs 75th percentile: 23.2%; 99% CI, 23.2%-23.3% vs 23.4%; 99% CI, 23.4%-23.4%). The adjusted risk of readmission or death at 30 days did not differ according to SNF staffing rating or the percentage of patients with delirium.
Several SNF facility characteristics were also associated with 30-day risk of readmission or death in both the unadjusted and adjusted analyses. In our fully adjusted model, we observed independent associations between the predicted risk of readmission or death and SNF ownership status; the predicted risk was lower for discharges to not-for-profit SNFs compared with those to for-profit SNFs (22.8%; 99% CI, 22.8%-22.8% vs 23.7%; 99% CI, 23.6%-23.7%). Discharge to the smallest facilities were associated with a lower adjusted risk of 30-day readmission or death compared with discharges to the largest facilities (≥151 beds [22 We obtained similar results when we repeated our regression models to predict an end point readmission at 30 days, rather than a combined end point of readmission or death ( Table 5) . When we repeated our analyses in a smaller data set that included only the first available discharge for each patient in the sample, we observed a lower overall rate of 30-day readmission or death (240 771 of 1 173 072 patients; 20.5%; 99% CI, 20.4%-20.6%); however, the adjusted associations between SNF performance measures and facility factors and 30-day outcomes were qualitatively similar to those obtained in our main regression analyses.
Discussion
Among fee-for-service Medicare beneficiaries who received postacute care at a US SNF, better performance on available measures of postacute care quality was not consistently associated with a lower adjusted risk of readmission or death at 30 days. Although better performance on several available SNF performance measures was associated with improved outcomes in unadjusted analyses, these associations were attenuated substantially after adjustment for patient factors, the discharging hospital, and SNF facility characteristics. In our fully adjusted regression models, SNFs with better facility inspection ratings demonstrated a slightly lower adjusted risk of readmission or death; however, adjusted outcomes did not vary meaningfully across SNFs that differed in terms of staffing ratings or their performance on clinical measures related to pain or delirium.
Past research has suggested that SNF quality may be associated with the risk of hospital readmission 10, 11, [34] [35] [36] ; however, previous studies have focused on small groups of hospitals 10, 34 and selected subsets of patients. 35 Our study, which takes a comprehensive approach that includes all feefor-service Medicare beneficiaries admitted to SNFs for postacute care, accords with these past findings insofar as it demonstrates variations in rates of readmission or death according to selected SNF facility characteristics and inspection rating performance. [18] [19] [20] [21] [22] [23] [24] 28, [30] [31] [32] However, because past analyses have not accounted for hospital effects, their comparisons of performance across SNFs could be confounded by differences in the quality of care at discharging hospitals. 11, 35 By using fixed effects to control for all time-invariant hospital factors, our analysis provides insight into the association between measured SNF performance and clinical outcomes while holding hospital factors constant. As hospitals seek ways to prevent readmissions, our finding of lower readmission rates at certain types of SNFs may inform hospitals' approaches to discharge planning. At the same time, our results suggest that preferential discharge to SNFs 
